A QUARTER of the earth's crust is composed of silicon, so it is not surprising that the inhalation of dust has been recognised for centuries as a cause of shortness of breath in miners and stone operatives. In 1649 Dimerbrook (Collins, 1915) described chest rigidity associated with dyspncea in the granite workers of the Carpathians, who were themselves painfully aware of the occupational hazards encountered, since they referred to their implements as 'widow-makers,' because many of the local women had married several times due to the extremely high incidence of lethal respiratory disease in their male partners. Even to this day the above term is used by European immigrants in the iron mines of Michigan, in the same sense as in the seventeenth century, although the risks are happily minimised by modern protective procedures. The real nature of silicosis was first recognised by two English physicians (Peacock, 1861; Greenhow, 1895) , when they demonstrated the presence of a hard gritty material, which they called 'sand,' obtained at autopsy from the lungs of a mason and knife-grinder respectively. The ceaseless and ever-expanding exploitation of mineral resources has, from time immemorial, provided ample opportunity to study the deleterious effects of siliceous dusts on the health of workers exposed to them, and evolve the necessary modern protective measures which have made acute silicosis a rare disease. It is chastening then in this day and age to have the doubtful privilege of observing the effects of an atmosphere freely charged with freshly fractured flint particles, on the unprotected respiratory system, where environmental control did not exist, because the noxious nature of the dust was not appreciated. The misadventure occurs where limestone of high calcium content is extensively quarried and processed either for itself (calcium carbonate), its bye-products, or for admixture with local aluminous clays in the manufacture of cement. When crude chalk is crushed flints contained therein are enucleated and separated as they are of little commercial value. Small independent enterprises, however, may acquire these rocks, and crush them into a small aggregate about the size of lentil seeds; this is bagged and sold as 'Poultry Grit.' It was following such an occupation that the cases to be described contracted acute silicosis, and it seems ironical that Visconti gave this disease its present name ninety-three years ago, when he described pulmonary disability in a flint worker. Case 1. In April, 1953, a 50-year-old man presented with a sudden severe pain in the left side of his chest. It was then revealed that he had worked for six and a half years at a flint-crushing plant producing chick-grit, and had inhaled copious quantities of the associated dust. In three years his weight had declined from twelve to ten and a half stones. For a year he had been harassed day and night by an unusually severe and unproductive cough, and gradually increasing dyspnoa finally incapacitated him. Extreme cyanosis and full play of the accessory muscles bore eloquent testimony to the degree of his respiratory distress. There was a left pneumothorax with opposing mediastinal shift, basal crepitations, and right-sided bronchospasm. There was no evidence of primary cardiac disease, the blood pressure was 160/80, and the sounds were closed, but there was a sharply reduplicated pulmonary second sound. The electrocardiogram portrayed right ventricular preponderance. An X-ray film of the chest (Plate V) showed extensive fibrosis of both lungs with basal emphysema, and a left-sided pneumothorax. The cardiac shadow did not appear to be outside normal radiological limits. Death ensued in a few months from respiratory failure.
At autopsy the lungs were heavily consolidated with gritty siliceous dust, harshly 'audible' on sectioning, indicating the volume of extraneous material contained in them. Indeed, on the side on which the pneumothorax had occurred it seemed a mechanical impossibility for the lung to collapse further, so that the radiograph was a good measure of the small amount of air-containing lung on which the patient's survival depended. There was no macroscopic evidence of tuberculous disease. The right ventricle was markedly hypertrophied. Histologically the dense fibrosis was compatible with a pneumoconiosis. Repeated ante-mortem tests of sputum and gastric contents, as well as post-mortem tissue culture, did not recover the tubercle bacillus.
Death occurred seven years after this patient had begun to crush flints. He was exposed to the dust for six and a half years, and the final period of incapacity prior to death was only six months.
Case 2. In April, 1954, a 52-year-old man complained of a hacking cough and gradually increasing dyspncea for the previous six months. He had crushed flints for six years. Again the picture was one of considerable respiratory distress, with orthopncea, cyanosis and bronchospasm, associated with a distressing unproductive cough disturbing to all the members of his household. Examination of the cardiovascular system was normal except for a sharply reduplicated second pulmonary sound. Respiratory excursion was seriously limited, and there was basal emphysema, widespread crepitations, and bronchospasm. Tests for vital capacity initially showed a mean average of 1,000 ccs. The usual routine for the isolation of the tubercle bacillus proved negative. An electrocardiograph showed right ventricular strain. Death followed eight years after taking up the occupation of flint-crushing, the period of exposure being six years. Post-mortem examination revealed heavily consolidated lungs, with gritty material present in abundance and exhibiting dense fibrosis microscopically. The right ventricle was much hypertrophied.
Case 3. This 47-year-old man had previously been an athlete, and a miler of quality. He had crushed flints for a period of three years, and after a three-year respite at alternative employment again resumed flint-crushing for a further two and a half years. He complained of dyspncea on the slightest exertion, even the most modest incline forced him to halt frequently to regain his breath, circumstances which were extremely frustrating to him having regard to previous ability. Clinically the signs were those of bronchitis and emphysema. His incapacity was such that he was unable to follow any employment. There was limited respiratory and diaphragmatic movement, and vital capacity was greatly reduced. There was considerable radiological consolidation of the apical and mid-zone regions. Search for the tubercle bacillus was negative. This patient suffered considerable 117 psychological trauma, as he was aware that the deaths of the above two patients was related to their work, because compensation had been awarded their relatives. The case to be described was employed in another but similar works, and had inhaled the same type of dust.
Case 4. In September, 1958, a 69-year-old man was examined because of an extremely incapacitating dyspncea. He was deeply cyanosed, and in obvious respiratory distress. For three years he had worked in an atmosphere which was heavily contaminated with flint dust. His weight had decreased in twelve months from 13 st. to 10 st. 7 lb. The cyanosis, orthopncea and incapacity were out of proportion to the physical signs of emphysema and bronchitis. The distressing nocturnal cough did not admit of slumber at all. He had a gross palatal defect with congenital absence of the posterior nares, presumably a serious deficiency in his respiratory defences. Sharp reduplication of the second pulmonary sound was again in evidence, and, of course, associated with right ventricular preponderance on the electrocardiogram. X-ray of chest (Plate VI) showed diffuse fibrosis of both lung fields with coalescence of the lesions in the upper zones, especially the right, appearances consistent with silicosis and with a mixture of stages II and III.
At autopsy fibrous adhesions were dense over both upper lobes, the coronary arterial system was healthy, but there was marked hypertrophy of the right ventricle. The (Kirkaldy, 1962; Edmunds, 196-0) . It seems that a composite viewpoint may be necessary to embrace all the evidence. It is likely that some flint was deposited as a syngenetic gel of direct organic origin secreted by tiny organisms and with some excretions collecting later transported in solution and redeposited, and some as a replacement of the limestone by silica by a process of chemical pseudomorphism after or during the formation of limestone (Geikie, 1903; Watson, 1962) . These stones are extremely firm and compact in texture, of Scale 7 hardness (Moh's Scale). If there is controversy about their exact origin, there is little doubt about their chemical composition, as they are composed of an intimate mixture of crystalline insoluble silica and amorphous silica soluble in caustic potash; a total of 98 per cent. silica, whilst the remaining 2 per cent. is formed by a thin covering lamella of calcium carbonate fused to the surface of the stone.
The cleavage of any mineral depends on its crystal structure, and flint which is a cryptocrystalline substance has a very poor cleavage. It is more liable to fracture than to cleave, which it does breaking with a conchoidal fracture, in consequence of which much fine dust is evolved in order to obtain an aggregate fine enough to be used as poultry grit. During crushing a pall enveloped the machinery, so that at all stages the workmen were exposed to the heaviest possible respiratorv dose of unadulterated flint particles, especially during cleaning of the plant and its pit. Then the haze was so dense that it was impossible for the operative to see the blade of the shovel wielded. The suspended aerial particles were as fine as flour, the bulk of them being below 5 microns in diameter, a size that could readily enter the alveoli, and remain there (Davies, 1949) .
Quartz and flint are said to be the most soluble and therefore the most pathogenic of mineral dusts (King, 1947) ; they dissolve in the plasma to the extent of 10 mgms. of silica per 100 ml. Freshly fractured particles allow of maximal dissolution of silicic acid from their surfaces, and the pathogenicity of any dust is in direct relationship to the rate at which it will release this acid in solution (King and Belt, 1938) . These facts accepted, it will then be appreciated that the respiratory defences of the above patients were subjected to a maximal pathological insult, the protective cilial action of the mucosa, and the mechanism of bronchial peristalsis were blunted chemically as well as being overwhelmed physically.
The most acute cases of silicosis hitherto described have been those associated with sandblasting, where the quartz content of the inhaled dust was high, and in the manufacture of scouring powder, the latter occupation probably producing the most lethal type of the disease, thought to be due to the presence of an additional factor, which aided the deleterious action of silicic acid, i.e., the presence of free alkali (Macdonald et al., 1930; Middleton, 1936; Belt, 1939) or of oxalic acid (Srutek, 1948) in the scouring powder. An important factor in an outbreak of acute silicosis in girls making abrasive soap powders was thought to be an allergic swelling of the bronchial mucous membrane due to the inhalation of soap powder. It is of comparative interest to note that in fatal cases of silicosis (excluding silico-tuberculosis) investigated by the British Factory Department up to the end of 1948 (Annual Report by the Chief Inspector of Factories, 1948) there were fifty-nine deaths in sandblasters, and the average period of exposure preceding incapacity was twelve years. In twelve deaths due to scouring powders this period was 8.4 years. In the three fatal cases described who had been in continuous contact with flint dust an eight-year period not only covered the period of exposure but also included the period of incapacity prior to death. It seems probable that the inhalation of almost pure silica in crushing flints for chick-grit causes the most rapidly lethal form of acute silicosis. This is due to unlimited contamination of the inspired air with freshly fractured flint dust allowing of maximal solution of silicic acid in the pulmonary tissues.
The health of the worker has always been zealously guarded by those industries which breach the earth's crust in search of mineral wealth. Acute silicosis, however, still appears unexpectedly, and a deficiency of mineral knowledge is more likely to contribute to its incidence than any negligence or default. Preventive measures are readily apparent after an event, and in the prevention of a misadventure such as has been described a simple initial step might be the control of the movement of flints wherever they are enucleated from the limestone strata. This would enable official advice and information to follow in the wake of their distribution so that those operating the most humble plant, not dignified by the title of factory, would become aware of the lethal potential of these stones should they be crushed without adequate safeguards from the dust. This is so fine and cloying that simple face masks will not contain it. Complete automation from crushing to bagging is essential for final elimination of risk, and is practicable and feasible having regard to expense and other factors. As in other spheres this would entail efficient exhaust ventilation, enclosed crushing area, automatic bagging, damping down of machinery whilst idle for cleansing purposes.
SUMNIARY. The four cases described contracted acute silicosis by inhaling a dust containing 98 per cent. silica and pathological changes developed rapidly in the lungs producing an early fatal result. Although the cardiac outline was apparently normal on X-ray films, possibly due to the heavy overlying pulmonary shadowing, the right ventricle was always considerably hypertrophied at autopsy. This was reflected clinically by a sharply reduplicated second pulmonary sound. The welldocumented affinity of the tubercle bacillus for tissues impregna.ted with silica was not demonstrated (Gardner, 1930 (Gardner, , 1947 ; perhaps the defences were overwhelmed before this association could develop.
Control of flint movement and automation of the crushing process would provide complete protection against the dust, and perhaps the time-honoured procedure of industrial medical inspection in rural areas might now be ripe for reappraisal, so .that flints, at present an attractive feature in situ in the limestone strata, could not earn the soubriquet of "Widow-makers" of the twentieth century when they are crushed for commercial purposes.
